Metabolic syndrome is a cluster of symptoms (obesity, high triglyceride levels, low levels of HDL cholesterol, raised blood pressure, and high levels of fasting blood glucose or a diagnosis of diabetes), that increases the risk of cardiovascular, and all-cause mortality [1] . Those with socioeconomic disadvantages have been reported to exhibit an elevated risk of metabolic syndrome compared to those in higher socio-economic groups [2, 3] .
The bulk of the research on socio-economic status and metabolic syndrome risk has either relied on single indices of socio-economic status, such as education [4] or occupational grade [2] , or, where multiple indices have been available, has examined the risk associated with these separately [5, 6] .
The observed associations between different indices of socio-economic status and metabolic syndrome suggest that the greatest risk will be borne by those with a combination of disadvantages, such as brief education, low occupational status, and low income, but, importantly, this supposition remains largely untested. Similarly, many studies have only measured socio-economic status indicators at one particular point in the adult life course. It has been suggested previously that accumulated wealth, as an index of socio-economic advantage across the life course, may be a stronger (in terms of magnitude) predictor of metabolic syndrome than measures that reflect socioeconomic status at a single time point [7] . Further, the presence of risk factors for cardiovascular disease and/or insulin resistance relates not only to current socio-economic status, but also to prior socio-economic circumstances [8, 9] . Indeed, the importance of an accumulation of indices of poor socio-economic circumstances throughout the life course has been emphasised in relation to mortality [10] [11] [12] . Thus, it is conceivable that an index incorporating various sources of socioeconomic deprivation at various times throughout the life course might predict metabolic syndrome more strongly than individual indices, and that the more indices of deprivation an individual possesses, the greater the association with metabolic syndrome, in a dose-response manner.
Phillips, A.C., Carroll., D., Thomas, G Various characteristics of individual persons might contribute to explaining why low socioeconomic status may increase the risk of metabolic syndrome. For example, those in lower socioeconomic groups are more likely to engage in certain unhealthy behaviours such as smoking, low physical activity, and poor diet, which correlate with obesity, high blood pressure, and a poor lipid profile [13] . There is a suggestion that controlling for these factors appear to explain some of the association between low socio-economic position and metabolic syndrome risk [6, 14] . Unhealthy behaviours may be particularly important risk factors for metabolic syndrome in men [5, 15] , although others have failed to observe an attenuation of the link between socio-economic status and metabolic syndrome risk when adjusting for health behaviours [2] . That controlling for such behavioural risk factors apparently fails to completely eliminate the socio-economic statusmetabolic syndrome link raises the possibility that there are other, as yet unmeasured, mediators.
One possible candidate is intelligence or cognitive function (denoted here as IQ). IQ is correlated with socio-economic position, especially education indices [16] , is associated with the prevalence of metabolic syndrome [17] , and partially mediates the association between low socio-economic position and a range of health outcomes including cardiovascular mortality [16] . Psychological distress may be another factor accounting for the link between socio-economic status and metabolic syndrome. Variations in depression and depressive symptomatology with socio-economic status [18] are well documented, with greater prevalence of depression among the socio-economically disadvantaged. Further, various indices of psychological distress have been shown to relate to metabolic syndrome risk [19] . However, to our knowledge, this is first examination of the effects of IQ and psychological distress as potential explanatory factors in the socio-economic status and metabolic syndrome link.
Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I., & Batty, G.D. (2010 Consequently, the present analyses aimed to examine the links between socio-economic status and metabolic syndrome in male Vietnam war-era veterans in a novel way through using a combined socio-economic status index derived from several measures gathered pre-, during, and post-service, from late adolescence through to middle age. It also examined the links between the metabolic syndrome and these socio-economic status measures individually. It was hypothesised that the risk for metabolic syndrome would be graded according to one's place on a scale of overall socioeconomic adversity accumulated over time. Secondly, given that socio-economic status may impact upon the development of metabolic syndrome in men via various pathways including poor health habits, intelligence, or psychological distress; in combined and separate analyses we considered the extent to which the link between socio-economic status and metabolic syndrome can be explained by such factors in addition to other demographic and service-related variables (e.g. place of service). earned a military specialty other than "trainee" or "duty soldier"; had a military pay grade at discharge no higher than sergeant. These inclusion criteria were used to ensure that the sample included front line soldiers rather than higher ranking officers as anecdotal reports of health problems had occurred amongst infantry men, whose combat exposure was likely to be more Phillips, A.C., Carroll., D., Thomas, G Triglycerides were also measured using Kodak Ektachem test kits and an enzymatic method.
Method
Serum glucose level was determined with an adaptation of the glucose oxidase-peroxidasechromogen-coupled system, also using Kodak Ektachem 700 autoanalyzer. All laboratory assays the assays were conducted between June 1985 and September 1986 on the day the specimen was collected by Loveless Medical Foundation in Albuquerque under contract from and supervision by the Centers for Disease Control. The assays were assured by using bench and blind repeat controls.
The blind repeat tests were run for 667 randomly chosen samples; the intra-class correlations between first and repeat samples were 0.98 for HDL and 0.99 for triglycerides. Overall, bench controls yielded coefficients of variation that were all < 10%. [21] Following blood sampling, blood pressure was measured twice in the right arm using a sphygmomanometer and an average computed. Resting pulse rate, an indicator of cardiorespiratory fitness and therefore a proxy for regular physical activity [22] , was also recorded.
Height and weight were then measured to calculate body mass index (BMI, kg/m 2 ).
After the physiological measures were taken, psychological morbidity was assessed using the Diagnostic Interview Schedule (version 3A) [23] as administered by a trained psychological technician. Study participants were considered positive for Generalised Anxiety Disorder (GAD)
and Major Depressive Disorder (MDD) if they reported a pattern of symptoms in the previous 12 months that satisfied Diagnostic and Statistical Manual (DSM) III criteria [24] . In the same session, the Army General Technical Test, which consists of consists of two subtests, verbal and arithmetic reasoning [17] was administered in order to assess cognitive ability (hereafter referred to as "IQ").
IQ scores were standardized to z-scores for ease of interpretation.
Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I. [Insert Figure 1 about here]
Demographic, service, health behaviour, metabolic, and haemodynamic variables were compared between those with and without metabolic syndrome using χ 2 and ANOVAs. The binary indices of socio-economic status (early adulthood income; education grade achieved; household income in midlife; occupational prestige) were coded such that lower status was assigned a score of zero, and higher status a score of one. These variables were then summed to form an index of socioeconomic status scored from 0-4, thus creating five groups where higher scores indicate higher status. First, logistic regression was used to examine the relationship between the socio-economic status index and metabolic syndrome, in a model adjusting for age alone, and then in separate models adjusting for other covariates (place of service, ethnicity, marital status), health behaviours (alcohol consumption, smoking, and pulse rate as a proxy for physical activity), IQ, and finally, psychological distress (diagnoses of major depressive disorder, generalized anxiety disorder, posttraumatic stress disorder). Second, in order to examine which aspect of socio-economic status was contributing to metabolic syndrome risk, separate age-adjusted analyses were run for each of the original binary socio-economic status variables. These models were repeated with similar separate adjustment as above.
Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I. 
Results
Five hundred and eighty-four (14%) of the 4253 men in the analytical sample were identified as having metabolic syndrome. The demographic, health behaviour, service-related, metabolic, and haemodynamic characteristics of those with and without metabolic syndrome are presented in Table   1 . Study participants with metabolic syndrome were slightly older, were less likely to be divorced, widowed or separated, more likely to come from ethnic groups other than white or black, had somewhat higher pulse rates, a lower IQ, and a higher prevalence of GAD.
[Insert Table 1 about here]
As would be expected, the four socio-economic status indices were significantly inter-correlated (Cs ranged from .17 to .35, p < .001).
Combined socio-economic status analyses
Age-adjusted logistic regressions showed that the combined life course socio-economic status score was significantly negatively associated with metabolic syndrome overall, such that those in the lower two status groups (scoring 0 or 1) had an increased risk of the metabolic syndrome in comparison to the highest status group (scoring 4). Those in the higher socio-economic status groups, scoring 2 or 3 on the combined measure, did not differ significantly from the highest status group (scoring 4) in terms of their risk of metabolic syndrome. The outcomes of the age-adjusted analyses for each comparison are shown in Table 2 . Following adjustment for demographic and service-related variables, it was again men in the lower two socio-economic status groups who experienced the highest risk of the metabolic syndrome. In this model, ethnicity (p = .03) and marital status (p = .001) were also significantly associated with metabolic syndrome, such that those Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I. of 'other' ethnicity and married were at greater risk. However, it is difficult to pinpoint which of the minority ethnic groups is driving the overall effect of ethnicity, and the ethnicity and marital status effects were unable to attenuate the associations between socio-economic status and metabolic syndrome.
Adjustment for potential explanatory factors
Models C, D, and E sought to identify whether particular covariates might explain some of this association. In model C, health behaviours somewhat attenuated the previous age-adjusted associations with metabolic syndrome, but the prevalence of the metabolic syndrome was still elevated in the lowest status group. In this model, higher pulse rate, as a marker of cardiorespiratory fitness, was significantly associated with metabolic syndrome (p <.001). The addition of IQ to the age-adjusted model (see model D) attenuated all previous associations to nonsignificance (see Table 2 ). IQ was negatively associated with metabolic syndrome prevalence (p = .02). However, psychological distress, as entered in model E, did not attenuate the previous associations shown for the lower two socio-economic groups, although a diagnosis of GAD was significantly related to increased metabolic syndrome risk (p = .01) as reported previously [19] .
[Insert Table 2 about here]
Individual socio-economic status indicator analyses
In separate age-adjusted models for each socio-economic status variable, early adulthood income was not associated with metabolic syndrome. However, those with less education, lower occupational prestige, and smaller household incomes in midlife, were at increased risk, and remained so in the models adjusting for other demographic and service-related variables.
Household income in midlife appeared to be the weakest of the three significant predictors, and occupational prestige in midlife, the strongest. When health behaviours were added to the models, Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I. 13 these significant associations with metabolic syndrome were marginally attenuated but remained significant. In model D, the addition of IQ attenuated all of the associations to non-significance, with the exception of occupational prestige which remained marginally significant. With the addition of psychological distress in model E, the previous socio-economic status associations reemerged.
Discussion
A combined socio-economic status score derived from army income, education, household income in midlife and occupational prestige was significantly associated with the occurrence of metabolic syndrome, such that those at the two lowest levels of socio-economic status were at increased risk of metabolic syndrome in comparison to those at the highest level. These associations appeared to be generated by the contributions of lower educational attainment, smaller household incomes in midlife, and lower occupational prestige. The negative relationship between socio-economic status and metabolic syndrome in the male veterans were still evident after adjustment for other potential confounding variables (with the exception of IQ), a result which contrasts with some previous reports of robust associations only found in women [25] [26] [27] . The relationship with metabolic syndrome did appear to be graded by socio-economic status score as reflected in the size of the odds ratios, but there also appeared to be a threshold of deprivation such that a significantly increased risk of the metabolic syndrome was only observed in the lowest two socio-economic groups, i.e.
those with lower than 12 th grade education, and lower than the median household income in midlife
and poor occupational prestige, or those who only scored above the median on one of these indices or had education beyond 12 th grade only. It is possible, that after one has accumulated a certain number of socio-economic disadvantages and their health sequelae, any further accretion cannot add to the health burden. Alternatively, the initial speculation regarding a graded association was Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I. to be demonstrated that a socio-economic threshold effect characterizes other morbidities.
The absence of an individual effect for early adulthood income seems to suggest that income later in life may be more important than income earlier on, although the other earlier life index, education, was significantly inversely associated with metabolic syndrome risk. A study directly comparing socio-economic status indicators from different life phases found that when both adult and childhood socio-economic indices were considered together, only adult socio-economic status was related to metabolic syndrome [15] . Further, household wealth accumulated throughout the life course has been shown to predict metabolic syndrome over and above childhood indicators of socio-economic status, including education [7] . In contrast, others have argued that metabolic syndrome risk can stem, in the large part, from the influence of early and continuing disadvantage throughout life [28] . For example, in one study, the association between adult social class and metabolic syndrome was mainly accounted for by childhood social class, indexed through parental occupation and education, although only for women [28] . However, it is possible that certain early life indices of socio-economic status may be more pervasive than others, perhaps dependent on the social barriers against amelioration later in life. This would fit with the present data where income was measured at two time points, during army service and in midlife, but only income in midlife is significantly associated with metabolic syndrome. Thus it may be that in terms of income, relatively proximal means become more important for health than relatively distal circumstances.
However, it is also possible that later measures only supersede earlier ones where these are amenable to improvement, such as household occupational status, amenities [15] , and wealth [7] . It is worth noting, see Table 1 , that the proportion of individuals in the lower income category Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I. Occupational prestige appeared to be driving much of the association between socio-economic status and metabolic syndrome. This supports the notion that in affluent societies, relative position is as important for health as absolute position [29] . For example, several studies have shown that measures of income distribution predict life expectancy among developed countries and mortality among states in the US to a far greater extent than gross domestic product [30] .
Health behaviours, other demographic variables, and psychological distress had only minor effects on the association between the combined index of socio-economic status and metabolic syndrome.
Although others have observed the same outcome for health behaviours [2] , there are previous reports that the link between socio-economic status and metabolic syndrome was moderated by health behaviours, such as physical activity [6, 15] . In the present study, pulse rate had to serve as a proxy for physical activity. However, pulse rate was significantly negatively associated with metabolic syndrome risk, and in the individual analyses; nevertheless its effect on the association between socio-economic status and metabolic syndrome was trivial. We should concede, in this context, that pulse rate is an imperfect proxy for physical activity. Nevertheless, not all studies with more direct assessment of physical activity have found that it attenuates the association between socio-economic status and metabolic syndrome [2] . Nonetheless, future investigations would benefit from more direct and comprehensive assessment of health behaviours and include factors such as diet and sleep. Psychological distress has been mooted as a possible mediator of the associations between socio-economic status and health outcomes [31] . Although it is clear that Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I. IQ attenuated the associations between socio-economic status and metabolic syndrome. This was perhaps unsurprising, given the strong relationship between IQ and health outcomes [17] and socioeconomic status [32] . As such, this study provides further evidence that IQ strongly contributes to socio-economic inequalities in health. Given that IQ tests capture general learning and reasoning ability and are stable over time, it is possible that IQ partially although not wholly mediates the effect of socio-economic status on health outcomes, possibly via a lowered ability to successfully manage one's own health [17] . Given that the correlation between IQ and the indicator of socioeconomic exposure herein, and in other cohorts, is not perfect, it is unlikely that IQ is an indicator of socioeconomic position. For a fuller discussion of these issues, please see a previous paper [32] .
The present study is not without limitations. Not all of the socio-economic indices were gathered prior to the assessment of the components of metabolic syndrome. Nevertheless, the present study can boast a range of socio-economic status indices at different points in the life course. Second, this raises the issue of reverse causality between ill-health (metabolic syndrome) and lower socioeconomic status. However, in this particular sample, those already ill would not have been drafted into army service, hence it is unlikely that ill-health led to a downward drift in socio-economic status. Further, as mentioned above, it was not possible to measure all potential explanatory variables including cardio-respiratory fitness, and other important factors such as inflammatory markers. However, these analyses considered a variety of potentially important mediators including IQ, psychological distress, and health behaviours. Finally, as the sample was exclusively male, there is the issue of generalisation. However, middle-aged men are an important constituency in this context given that they have a higher prevalence of metabolic syndrome than middle-aged Phillips, A.C., Carroll., D., Thomas, G.N., Gale, C.R., Deary, I. women [33] . Similarly, when data on metabolic syndrome were collected, the men were relatively young. It is possible that with the increased risk of metabolic syndrome with age [34] , and the pervasive effects of socio-economic status, stronger associations would be evident if such data were gathered in an older sample. However, it should be acknowledged that others have demonstrated no influence of the individual components of education and income in older men [35] , while in other studies with a greater age range, associations between socio-economic status and the metabolic syndrome have survived correction for age [2] .
In conclusion, male army veterans with three or more indications of unfavourable socio-economic circumstances are at an increased risk of developing metabolic syndrome in middle age, regardless of health behaviours and psychological distress. This suggests that interventions should pay particular heed to those with multiple indices of disadvantage. Finally, differences in IQ account for much of the association between socio-economic status and metabolic syndrome; it is possible that socio-economic status may, in part, be a proxy for cognitive ability, which per se has major implications for health.
